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Abstract
Although the contribution of the transportation manufacturing industry is becoming
high increasingly in Malaysia especially with the existence of trading blocs such as
ASEAN Free Trade Area (AFTA), but the attention to the industry in Malaysia is still
low to generate the maximum efficiency, low operating costs, good production quality,
skilled labor and high productivity. Thus, this  study analyzes the  overall level  of
technical efficiency of the transportation manufacturing industry in Malaysia. In fact,
this  study also examines the determinants of technical inefficiency of the industry.
Using data at the firm level carried out by the Department of Statistics in 2010, this
study uses Stochastic Frontier Analysis (SFA) founded  that the factors influencing
wages and communication expenses inefficiencies in production output. Beside that,
the results showed that most firms could produce output more than 50 percent.
keywords: transportation  manufacturing  industry;  technical  efficiency;  technical
inefficiency, Stochastic Frontier Analysis, automotive
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1. Introduction
The  transportation  manufacturing industry's  contribution to  the  growth  of  the
manufacturing sector to GDP third quarter of 2013 was 12.2 percent, largely driven by
shipbuilding and ship  repair sector as  well  as high production of  spare  parts  and
accessories for motor vehicles (Department of Statistics, 2013). Overall, in 2013 the
transport manufacturing industry contributed to GDP was 3.6 per cent and is one of
the important components in the development of the country (Malaysia Productivity
Corporation  2013/2014).  Based  on  the  report  of  the  National  Automotive  Policy
(NAP) and the Ministry of International Trade and Industry (MITI) in 2013, a sale of
passenger  and  commercial  vehicles  in  Malaysia  has  increased  by 3.9  per  cent  to
652.120 units compared to 627.753 units in 2012. This sales increase is driven by the
economic growth of 4 to 5 percent a year, the introduction of competitive price model
and increased purchasing power of consumers.  While the overall automotive sales
increased from 536,905 units in 2009 to 652.120 units in 2013. During the period
2009 to 2013, investment in the manufacturing industry is transportation between Rs
700 million to RM 5 billion by 2012. In addition, total exports amounted to RM 5.3
billion and imports amounting to 21.7 billion. In addition, the value of exports for the
manufacture of automotive sub-sector  amounted to RM 4.3 billion and exports  of
passenger vehicles are RM 700 million.  In 2013,  Malaysia recorded total sales and
third-highest vehicle production after Thailand and Indonesia.  Malaysia is also the
third  largest automotive  market after Indonesia and Thailand in  the  segment  of
passenger cars in ASEAN.
However, the transport manufacturing industries face major challenges when
opening the liberalization of international trade through the ASEAN Free Trade Area
(AFTA) in which the industry is facing increased competition. While liberalization
has  opened  up many business  opportunities  and expectations  for the  transport
manufacturing industry with the increase in market demand in the business sector, but
the industry is experiencing growth and cause fluctuations in profit margins earned
from production activities is becoming increasingly small. In addition, the elimination
of trade barriers among ASEAN countries has been open more market opportunities to
firms in the industry making local transport. These challenges require transportation
manufacturing  industry  to  achieve  higher  efficiency  techniques,  productive  and
achieve higher productivity so that production costs can be saved and can compete
globally (Malaysia Productivity Corporation 2013/2014).
In addition, the country has set a goal of making transportation industry as one
of the National Key Economic Areas (NKEA) which should be competitive not only
locally but also internationally.  This condition requires transportation manufacturing
industries are  competitive to  address the  emergence  of the  operation, process,
technical efficiency change and new technology changes in  various  aspects of
transportation in  addition to working to  improve productivity and competitiveness
across the industry. Based on these challenges,  the issue of  the level  of technical
competence and incompetence becomes  relevant techniques.  Therefore,  this  study
focuses on two research questions as follows;
Research question 1: What level of technical efficiency of transport manufacturing 
industry in Malaysia?
Research  question  2:  What  are  the  factors that  determine inefficiency transport
manufacturing industry in Malaysia?
The term efficiency  was introduced by Farrell (1957) based on the concept of
Koopmans (1951). Debreu (1951), Kumbhakar  et al. (1991), and Battese and Coelli
(1995) propose the redial type of efficiency measurement and recommend that the
factors  responsible  for  inefficiency  should  be  considered  for  measuring  the
performance or production efficiency. There are a number of studies around the world
who study technical efficiency in the transport sector, including Filippini and Prioni,
1994; Coelli  et al., 1999; Van Biesebroeck, 2003; Ito, 2004;  Cullinane  et al., 2006;
Rahmah dan Idris, 2008c) 
While  the stochastic frontier approach  is also  widely used  in  measuring
technical efficiency, allocative efficiency, and economic efficiency for the transport
industry.  Oum and Yu,  1998;  Inglada  et  al., 1999;  Sanchez  and Villarroya,  2000;
Vitaliano, 2002 use this technique to estimate technical efficiency of this sector. This
study will use stochastic frontier approach as the main advantage of this approach is
that it can generate better in terms of efficiency. Statistical methods are more likely to
make an estimate of the stochastic characteristics of the data studied. In addition, this
method is easily adapted to the environmental variables (Coelli, 1996a; Coelli et al.,
2005).  It  also  allows  statistical  hypothesis  tests  carried  out  on  any parameter  the
border to be associated with economic theory. The stochastic frontier approach is also
able to build a parametric limit that take into account the stochastic error which can
estimate the technical efficiency of firms and technical inefficiency model based on
certain  assumptions  (Admassie  and  Matambalya,  2002;  Coelli  et  al.,  2005;
Arunsawadiwong, 2007; Zahid and Mokhtar, 2007). Moreover, this approach is also
able to identify inconsistent data if such data exist in the analysis.
Based on this study, it has contributed to new empirical findings because most
studies measure the efficiency of the previous technique in Malaysia more focused on
the manufacturing industry and does not focus directly on the manufacturing industry
with more detailed transport.  Very few studies (eg daughter,  2007, Noor Aini,  2013)
use estimating stochastic production frontier and deal with technical efficiency of
transport industries in Malaysia.
2. Theoritical Framework & Model Specification
The  stochastic  production  function  is  developed  by  Aigner,  et  al.  (1977),
Meeusen  and  ven  den  Broeck  (1977)  and  later  by  Battese  and  Coelli  (1995).
Following Battese and Coelli (1995) the stochastic production function can be written
as follows
Yit 
= Xit  + (vit 
– uit) (1)
In equation (1), i and t (i =1, 2, ..., n, and t = 1, 2, ...,T) represent the number of
input and time respectively. The output variable ‘Yi’ represents the output of the i-th
firm,  the explanatory variable  ‘Xi’ represents a  vector  of  K inputs,   represents a
vector of K unknown parameters, and vit is a random variable which is assumed to be
N(,v2) as well as independent from uit, the specific error term which is attributed as
the inefficiency effect in the model. Non-negative truncation of the distribution of 
uit
is assumed to be 
N(,v2). The variance parameter of model can be parameterize as
2 = v2+u2 and  = u2 / (v2  +u2) where 2 is the variance of output (Battese and
Corra,  1977).  Here,   lies  between  0  and  1.  A value  of   of  zero  indicates  the
deviations from the frontier are entirely due to noise and while the value is one it
indicates all the deviations are due to technical inefficiency (Coelli et al., 1998). The
model  incorporates  a  simplified  specification  of  the  time-varying  inefficiencies
following Battese and Coelli (1992) as 
uit = ui (2)
Here, ui is the technical inefficiency effect in the model, the unknown parameter
needs  estimation  that  determines  whether  inefficiencies  are  time  varying  or  not.
Positive, zero and negative values of  correspond to declining, constant and increasing
technical inefficiency overtime when  is negative.
Following  Battese  and  Coelli  (1995),  the  inefficiency distribution  parameter
which can be estimated from the MLE model can be written as 
ui = it Wi + zi (3)
Where,  ui is  technical  inefficiency,  W  represents  the  controllable  variables
(shown  in  table  1)  that  can  affect  technical  inefficiency  and  z represents  the
uncontrollable variable. According to the Coelli et al., (2005) the technical efficiency
of the i-th firm of t-th period is as follows;
TEit = Eexp(-uit) (4)
The range of TE is 0 to 1. TE = 1 implies that the firm is producing on its
production frontier and is said to be technically efficient. Hence, (1–TE) represents
the  gap  between  actual  production  and  optimal  attainable  production  that  can  be
achieved by moving the firm towards the frontier through readjusting inputs (Chavas
and  Aliber,  1993).  This  study  will  use  a  translog  production  function  written  as
follows;
ln Yi = 0 + 1 lnKi + 2 lnLi + 3 lnIMi 4 (lnKi)2 + 5 (lnLi)2 + 6  (lnIMi)2 + 7 (lnKi x 
lnLi) + 8  (lnKi x lnIMi) + 9 (lnLi x lnIMi) + (vi - ui)             (5)
(i = 1, 2,……, N)
Whereas inefficiency model can be written as follows;
ui = 0 + 1 lnK/Li + 2 lnTREi + 3 lnRW + 4 DFSi  + 5 lnWi + 6 lnICTi (6)
Table 1 Description of the Variables
Variables Symbol Unit of Measurement
Output Y Total Sale (MYR/year) – ‘000
Capital K Fixed Assets (MYR/year) – ‘000
Labor L Total of Workers
Intermediate Input IM Net Value (MYR/year) – ‘000
Ratio of Capital Labor K/L Ratio of Capital / Labor
Employee Training Expenses TRE Total Training Cost (MYR/year) 
Ratio of Workers RW Secondary & Diploma 
Workers / Total of Workers
Wages W (MYR/Year) – ‘000
Communication Expenses ICT Total Cost (MYR/year)
Firms Size FS 1 if Large Firms; otherwise = 0
Data Source: Author’s compilation
3. The Data Collection and Variable Identification
The study used data collected at the firm level of the Manufacturing Industries
(IMS) which is controlled by the Department of Statistics (DOS). This data includes
data in 2010 and in which the firm can be categorized into six sub-sectors  in the 3
digit level by Standard Industrial Classification (MSIC 2008).
It consists of the manufacture of motor vehicles, manufacture of passenger car
and commercial vehicle  manufacturing;  manufacturing template (coachwork)  for
motor vehicles and manufacture of trailers and semi-trailers; manufacture of parts and
accessories for  motor  vehicles;  ship and boat building,  shipbuilding  and floating
structures and construction  of pleasure  boats and sports; construction  of air and
spacecraft and related machinery;  transportation equipment manufacturing activities
not elsewhere classified (n.e.c), manufacture of motorcycles and bicycles and invalid
carriages manufacture.
The study used data at the firm level that can obtain results more significant and
accurate. TE estimation using data as  an individual firm is better  because further
analysis of the factors affecting the level of TE can be studied. In addition, the micro
data is  also more  effective  than the  time-series data as the  researcher has  the
advantage to solve some of  the  problems  associated with  the estimation and
aggregation of the bais of aggregate industry data (Roslina, 2005).
Based on the  previous  studies,  some of  dependent  variable and independent
used in  this  study.  The dependent  variable used  is output. While the  independent
variable is comprised of labor, capital  and intermediate inputs  (Bhandari  and Maiti,
2007; Baten et al.,  2009;  Kehinde and Awoyem,  2009; Baten et al.,  2010).  The
independent variable for the factor in the inefficiency model is the number of capital-
labor  (Nelson-Phelps,  1996; Kudos et al.,  1998; Jacobs et al.,  1998; Women,  2007),
employee training expenses (Kudos et. al., 1998; Jacob et al., 2000; Bertrand, 2013),
educational level (Martin, 2000; Mason and Finegold, 1997; Blundell et al., 1999; Hitt
et al., 2001; Honig, 2001; Mbaye, 2002; Rahmah, 2009a), the workers, the size of the
firm, wages and communication expenses.
4. Result and Discussion
a) Variable Information
The study was conducted on 263 firms in the transport manufacturing industry
in 2010. Based on Table 2 shows the overall average amount of output produced by
the transport manufacturing industry is RM 184 million within the RM 7 million to
RM 8 billion. Intermediate inputs is a major expense for transportation manufacturing
firms with average spending of RM 150 million between RM 100 million to RM 6
billion. While the average capital used by the entire firm is in between RM 0 to RM 2
billion with an average capital of RM 38 million. In addition, the average number of
workers employed was around 372 person
The study also found that the ratio between capital and labor in the range of 0 to
1648,844 with an average of 112,924. While the cost of employee training is between
RM 0 to RM 11,403. In addition, the ratio of workers with secondary education and a
diploma to all employees are within the range of 0.000 to 1.000 with an average range
is 0.933. Communication costs shows are in the range of RM 237 to RM 9,013 and
firm size is a dummy variable.
Table 2 Summary of Variables Descriptive
Variable
              Mea
n Maximum Minimum Standard Deviation
         Y (‘000) 184,268 8,056,806 7,222 767061.246
K (‘000) 38,497 2,075,002 0 157212.279
L 372 8,198 4 789.631
        IM (‘000) 150,563 6,658,911 1,006 659744.511
K/L 112.924 1648.844 0.000 207.268
TRE 155 11,403 0 857.992
RW 0.933 1.000 0.000 0.085
W   (‘000) 10,271 265,379 59 26883.394
ICT 237 9,013 237 765.720
DFS Large 0.430 1.000 0.000 0.496
b) Technical Efficiency 
Table  4  shows  the  range  of  technical  efficiency  in  the  transportation
manufacturing industry. Referring to the table, a firm operating in the range of 0.510
to 0.600 was the highest of 56 firms. While as many as 45 firms ranked among the
range of 0.500 and below and the range of 0.61 to 0.70 respectively.  Overall,  the
majority of firms can produce output more than 50 percent. However, firms need to
focus to increase their output of more than 50 percent of the output current to be
above the border or using optimal input. The large-sized firms that are considered
more efficient than the small-sized firms can help this.
Table 4 Technical Efficiency Range
Range Frequency Percent Cumulative 
(Percentage)    Percentage
≤ 0.50 45 17.110 17.110
0.51 – 0.60 56 21.293 38.403
0.61 – 0.70 45 17.110 55.513
0.71 – 0.80 38 14.449 69.962
0.81 – 0.90 41 15.589 85.551
0.91 – 100 38 14.449 100.000
Jumlah 263 100.000  
Mean efficiency = 68.5 percent
While Table 5 shows the relationship between the levels of technical efficiency
in the transport manufacturing sub-sector in Malaysia. Overall, the sub-sector 3 is the
largest contribution with 42.58 per cent and the range between 0.810 to 0.900 percent.
While the fourth sub-sector by 24.7 per cent with the highest number of 7.48 per cent
are in the range of 0.510 to 0.600 percent. Based on the table above shows that a high
level of technical efficiency will generate high yields and vice versa.
Table 5 Sub-Sector Transport Manufacturing Industry by Range Technical
Competence
Technical Efficiency Range (Percent)  
sub-sector  ≤ 0.50  0.51 – 0.60  0.61 – 0.70 0.71 – 0.80 0.81- 0.90   0.9-100 Total
1 0.38 0.38 0.76 0.76 1.14 3.42 6.85
2 2.66 2.28 0.76 1.52 1.14 0.38 8.75
3 4.94 6.08 9.13 7.60 8.37 6.46 42.59
4 6.08 7.98 4.56 1.52 2.66 1.90 24.71
5 0.38 1.14 0.00 0.76 0.76 0.76 3.80
6 2.66 3.42 1.90 2.28 1.52 1.52 13.30
Total 17.11 21.29 17.11 14.45 15.59 14.45 100.00
Nota  :   *  1=manufacture  of  motor  vehicles,  manufacture  of  passenger  car  & commercial  vehicle
manufacturing; 2 = manufacturing template (coachwork) for motor vehicles and manufacture of trailers
and semi-trailers;  3 =  manufacture of  parts  and accessories for  motor vehicles;  4 =  ship and boat
building,  shipbuilding  and floating  structures and construction  of pleasure  boats and sports; 5  =
construction of air and spacecraft and related machinery; 6 = transportation equipment manufacturing
activities not elsewhere  classified (n.e.c),  manufacture  of motorcycles and bicycles and invalid
carriages manufacture.
c) Determinant of Technical Inefficiency 
Table 6 shows the results of the estimation model and a decision to model the
technical inefficiency in fencing simultaneously using FRONTIER 4.0,  which was
developed by Coelli  (1994).  The results  showed that  most  of the input  parameter
estimator  in  transportation  manufacturing  industry  is  significant  at  1  percent
significance level. The negative sign indicates that the increase in the variable firms
reduce inefficiencies. Each input can be explained by significant output. The study
gamma  value  is  0.391  and  significant  inefficiencies  caused  by  transport
manufacturing  industries  in  Malaysia.  Nearly  40  percent  of  the  total  variation  is
caused  by  technical  incompetence.  Parameter  sigma  squared  is  also  significant
implying  that  firms  operate  inefficiently  and  budgeting  of  stochastic  frontier
production model is better than the average production model in analyzing industrial
production processes.
Table 6 Parameter Estimation of Stochastic Frontier Production Model
 Variable and Translog  
(Parameter) t-ratio
Constants, (B0) 6.917 15.664
Capital, (B1) 0.255*** 3.717
Labor, (B2) 0.022 0.177
Intermediate Input, (B3) -0.214* -1.865
0.5(LnK*LnK), (B4) 0.001*** 2.939
0.5(LnL*LnL), (B5) 0.140*** 6.794
0.5(LnIM*LnIM), (B6) 0.143*** 8.039
LnK*LnL, (B7) -0.014  -1.742
LnK*LnIM, (B8) -0.020*** -2.553
LnL*LnIM, (B9) -0.069*** -4.727
 Sigma-square 0.030*** 8.488
 Gamma,  (γ) 0.391*** 2.895
Log Likelihood Function 92.364  
LR test of the one-sided error 68.957  
* Significant at α = 0.10
** Significant at α = 0.05
*** Significant at α = 0.01
According to Table 7, the variables of technical inefficiency includes ratio of
labor,  wages  and  communication  expenses  variables  are  significant  except  for
employee training expenses, the ratio of workers and firm’s size. The negative sign
indicates that increase in the variable will decreases the technical inefficiency in the
study.  Wages provides  a  very important  role  with real  coefficients  and significant
-0.027 at 1 percent significance level. This shows that when workers wages increased
by 1 percent, the technical inefficiency will decrease at 0.0003 points. Similarly, an
increase of 1 percent in communication expenses will reduce technical inefficiency at
0.018  points.  On  the  other  hand,  when  the  ratio  of  capital  labor  increased  by 1
percent, then technical inefficiency will increase by 0.009 points. This may be due in
the event of an increase in capital as a technology; it cannot improve the efficiency of
existing workers. This positive improvement may occur in the short term, as workers
try to adapt to the technology acquired. The decision also found that there was no
significant  difference  in  terms  of  technical  competence  for  employee  training
expenses,  the ratio of workers and firms although variable size is often used as a
proxy for the level of production output.
Table 7 Technical Inefficiency Parameter Estimation Model
 Model SF
Pembolehubah dan 
(Parameter) Translog Nilai t
Constants, (0) 1.627 5.051
Ratio of Capital Labor, (1) 0.088*** 3.836
Employee Training Expenses, (2) -0.007 -0.716
Ratio of Workers, (3) 0.094 0.596
Wages, (4) -0.027*** -2.141
Communication Expenses, (5) -0.183*** -5.552
Firms Size, (6) -0.067 -1.492
* Significant at α = 0.10
** Significant at α = 0.05
*** Significant at α = 0.01
Conclusion 
This  study  aim  to  measure  the  level  of  technical  efficiency  of  transport
manufacturing industries and analyze the determinants of technical inefficiency. The
results showed that most firms could produce output more than 50 percent. However,
firms need to focus to increase their output of more than 50 percent of the output
current to be above the border or using optimal input.
The results also showed that the factors influencing wages and communication
expenses  inefficiencies  in  production  output.  Therefore,  firms  need  to  take  more
proactive measures to improve workers' wages as well as communication expenses to
improve the efficiency of engineering firms. The results were processed in this study
may be associated with some policy implications. Firstly, the increase of wages is
essential in improving the efficiency of the firm. Therefore, the continued investment
in  human  capital  is  vital  and  firm emphasis  on  this  aspect  should  be  continued.
Second, the importance of communication expenses as one of the improvements to
the  efficiency  of  the  transportation  manufacturing  industry  techniques.  It  is  very
important because it can increase the level of high production efficiency. Therefore, to
increase efficiency, firms need to prioritize both of these expenses in leading their
organizations.
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